Long-term Infrasound data at Syowa Station (SYO; 39E, 69S), in the Lützow-Holm Bay (LHB), East Antarctica was analyzed during the period from 2008 to 2014. Seasonal variations in microbaroms and high-frequency harmonic tremors were especially investigated. Infrasound data were strongly involved in local dynamics of surface environments. The microbaroms have relatively low amplitudes in austral winters by extending area of sea-ice around LHB, with decreasing oceanic swell loading effects. The other reasons of seasonal variations in microbaroms amplitudes were caused by the affections of a number of storms during whole year and snow accumulation over the porous hoses on the infrasound station at SYO. In contrast, non-linear high-frequency harmonic tremors were considered to be caused by the katabatic winds from Antarctic continent flowing in northeast dominant orientation. The high-frequency tremors had characteristics of daily variations in particular in austral summer. It is required to continue more than a few years of observation in order to identify relationships with climate change and global warming effects in the Antarctic. Continuous measurement of infrasound in the coastal margin of Antarctica is a proxy for monitoring multi-sphere interaction between the continent and surrounding Southern Ocean.
Introduction
"Infrasound" is attributed as a sub-audible pressure wave with frequency from the cut-off of a sound (3.21 mHz, for a 15˚C isothermal atmosphere) to the lowest of the human audible band (20 Hz), and the wave can be excited by large energy which propagates for several thousand kilometers along the Earth's surface [1] . This frequency range is a new horizon for the remote sensing of physical environment of the atmosphere and there are many examples of infrasound excitation by several generating sources; volcanic eruptions, ocean waves, earthquakes and tsunamis, aircraft passage, thunder and sprites, meteorite falls and fireballs, reentry of artificial vehicles, aurora activities, etc.
[2]- [7] . Simultaneous observations of infrasound and seismic waves were, moreover, conducted in order to detect shock waves by large meteorites over Japanese island [8] , as well as the artificial hypersonic reentry of the "Hayabusa" capsule [9] [10].
In polar region, time-space variations in atmospheric pressure are generated by physical interaction among multi-spheres (atmosphere, oceans, cryosphere, and solid earth [11] . The interaction is strongly involved in surface environmental change and their exciting sources are measured by infrasound. In April 2008, infrasound observations started at Syowa Station (SYO; 69.0S, 39.6E), in the Lützow-Holm Bay (LHB), East Antarctica. The single infrasound sensor at SYO has been continuously recording the data for many seasons since the beginning in 2008, and has been clearly recorded contamination signals from oceanic swells (microbaroms) [12] . Variability in power spectrograms were demonstrated for the first three years from the start of infrasound observations (2008-2010) [13] .
During austral summer in 2013, several field stations were established along the eastern coast of LHB. In particular, two infrasound arrays were deployed; one array was on the outcrop inside SYO including the operating station from 2008 as one of the array station; the other array was set on the continental ice sheet at eastern coast of LHB [14] . By using these array configurations, identification of infrasound sources was tried to detect seven identical events for the period in January-June, 2015 [15] . Many of the sources were assumed to be cryoseismic origins; the ice-quakes associated with calving glaciers, discharge of sea-ice, and collision between icebergs around LHB. 
Infrasound Data Recording System
An infrasound sensor was at first installed on an exposed metamorphic rock site near the seismographic hut of SYO in April 2008, where is inside the East Ongul Island, in LHB [13] . The Chaparral Physics Model-2 infrasound sensor (condenser microphone type) was deployed inside an adiabatic wooden box, attached by eight single-connected-type air-pipes (porous hoses). The hose array structure alignment aimed to reduce the wind noises by adopting the mechanical lowpass filtering.
Five years later, a tripatite array was established at SYO with diameter of 100 m spacing in January 2013 [14] in Tokyo. Detail descriptions about the aquisition system were written in [13] and [14] . 
Long-Term Characteristics of Infrasound Data

Short-Term Characteristics of Infrasound Data
Characteristics of infrasound observation at SYO were attributed by utilizing the high-sampling (100 Hz) data acquisition system [13] . The acquisition frequency ranges covered all frequency bands from the maximum to the lowest audible bands of infrasound. By adopting the high-sampling system, several characteristic signals of harmonic long-duration waves were identified. The windy noise cancelization system by using porus hose array at SYO [14] did not seem to induce the generation of stable current wavelets with highfrequency contents of harmonic overtones. Therefore, natural sources generatied nearby the station sites could be considered as the exciting origins of the high- 
Discussion
Regarding the effect by oceanic swells on infrasound data, the "microbaroms" varied slightly both in amplitude and frequency contents in relatively long-period duration more than few days. These variations correspond to the local atmospheric or weather conditions. Infrasound signals below 3 Hz frequency content were supposed to contain in some extent the "microbaroms" which can be excited by storms over the Southern Ocean during whole season particular in austral winter. However, it is rather identical that the seasonal variation effect by the microbaroms on infrasound data during our studied period in 2008-2014.
The seasonal variations in microbaroms amplitude could be the same situation as appearing on the seismographs (microseisms; [16] ). The seasonal variations in microseisms are involved strongly with sea-ice extents around LHB, which impede both direct ocean-to-continent coupling and coastal reflection [11] .
Along with oceanic-originated microbaroms, characteristic repeating signals occasionally appeared with harmonic overtones at a few tens of Hz to the lowest human-audible band. The repeating tremor-like signals are visible as shown in Figure 2 , which sometimes continue for a few hours to half-a-day or more longer. These long-standing tremor signals consist predominantly of frequency components ranging with several harmonic overtones around 10 to 40 Hz, however, sometimes the frequency extends into the lowermost human audible band and some still into the sub-audible band. In addition, very long standing signals with duration of few days to tens of days during the austral winter seasons are recognized in infrasound PSD at SYO.
Although we could not figure out the generatig source exactly, the amplitudes of harmonic overtone signals were strong under windy conditions. Therefore, it was considered the local phenomena near the ground surface could be induced by the consistent strong wind condition such as the "katabatic" winds from the Antarctic continent. The other probable candidates of generating high-frequency tremor signals could be related to the resonance effect of the observation system such as inside the porous hoses [17] , otherwise the wooden box covering the sensor. However, these candidates can be removed because of our recentlyconducted testing measurements by utilizing direct connection between the hoses and the Chaparral sensor inside the wooden box at the site of C1 (SYO) comparing with the other C2 and C3 sites. The high-frequency tremors could also be identified when the direct connection between the hoses and sensor in the wooden box.
By this study, the infrasound observations at SYO have been efficiently operating, and it becomes possible to provide useful information on the long-term variability of surface environment surrounding the LHB. It is also useful to compare these signals with other data, such as the seismic and hydro-acoustics that share sensitivity with the infrasound frequency ranges [18] . The oceanic-atmospheric coupling effects on infrasound signals will consequently be explained by how they are related to the multi-sphere system in polar environment. In this concern, infrasound monitoring in the Antarctic should be a proxy for detecting regional environmental change within global climate variation. The high-frequency tremors had characteristics of daily variations in particular during austral summer. It is required to continue more than a few years of observations in order to investigate relationships with climate change and global warming effects in the Antarctic.
Conclusion
